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Introduction: The assessment of surgical competence is a vital component of the surgical training
process, the accreditation of specialists, and the maintenance of public conﬁdence in the surgical
profession [Grantcharov TP, Bardram L, Funch-Jensen P, Rosenberg J. Assessment of technical surgical
skills. Eur J Surg 2002;168:139–44.]. The introduction of the Calman system, the European Working Time
Directive, the Hospital at Night project, and ﬁnancial pressures to increase productivity has nearly halved
the surgical case load that trainees are exposed to. With less time to acquire surgical proﬁciency,
surgeons may be insufﬁciently skilled at completion of training [Moorthy K, Munz Y, Sarker SK, Darzi A.
Objective assessment of technical skills in surgery. BMJ 2003;327:1032–7.]. We look at the current
methods of assessing surgical competency and what new innovative methods are on the horizon.
Methods: A Medline search was performed in April 2005 using the keywords ‘surgical training’, ‘surgical
competence’, ‘surgical simulation’ and ‘virtual reality’. Only papers published in English have been cited
in this review. Articles were reviewed for relevance, impact within the ﬁeld, and applicability to the UK
training system.
Results: A large number of articles explore the potential of training techniques – including wet and dry
laboratories, computer simulators and virtual reality trainers – to complement traditional ‘apprentice-
ship’ surgical training. All of the methods demonstrate the ability to distinguish surgeons of varying
competence.
Discussion: The advantages of the training methods discussed are many and there is great enthusiasm for
introducing skills assessment within a nationally standardised and validated surgical curriculum
[Aggarwal R, Moorthy K, Darzi A. Laparoscopic skills training and assessment. Br J Surg 2004;91:1549–
58.], as well as using it as an adjunct to traditional methods of training.
 2008 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. The current state of assessment
Traditionally surgical learning is based on an apprenticeship
model3; i.e. the long-term observation and assessment of the
trainee by his or her seniors over a prolonged period. The
existing educational system, prior to the recent reductions in
operative exposure, has been producing competent surgeons for
decades. However, the current appraisal of trainees, for instance
by the Royal College of Surgeons, is often limited to assessment
of theoretical knowledge by multiple choice questions (MCQ) and
viva voce examinations4 rather than by any speciﬁc skills
assessment. MCQs and structured questions of a similar type are
generally objective and fair as individual questions and markingueen Mary’s Hospital, Sidcup,
ciates Ltd. Published by Elsevier Ltschemes can be validated and standardised. Vivas, though not
standardised, enable the examiner to assess a candidates
reasoning and surgical knowledge while under pressure as well
as gauging the process by which the candidate arrives at a deci-
sion. There is currently no stage throughout UK surgical training
at which there is a formal or objective appraisal of a budding
surgeon’s technical ability.5 Rather, the assessment of technical
proﬁciency has been based upon the subjective opinion of senior
colleagues, often amassed during unsystematic observations,1
which is subject to bias and inconsistency. The additional
maintenance of a procedure logbook often fails to indicate the
quality of the performance and the speciﬁc involvement of the
trainee. Both methods therefore lack validity and are unable to
robustly assess a surgical trainee’s capability.6 Morbidity and
mortality data; when used as markers for post-operative success,
are inﬂuenced by patient characteristics and a number of other
hospital-speciﬁc factors, and are consequently not a good indi-
cation of surgical competence.7d. All rights reserved.
Fig. 1. The ICSAD as applied to a box trainer; sensors are placed on the hands to track
the operator’s movements.33 (Laparoscopic skills training and assessment. R. Aggarwal,
K. Moorthy and A. Darzi. Vol 91, 2004. Copyright British Journal of Surgery Society Ltd.
Reproduced with permission. Permission is granted by JohnWiley & Sons Ltd on behalf
of the BJSS Ltd.)
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Operating on patients rather than animals or models is
undoubtedly the optimal environment for assessment of technical
skills and surgical competency. However it is increasingly inap-
propriate for surgical trainees to learn to operate on unsuspecting
members of the general public. Ethical questions may be raised
regarding the appropriate intervention of the assessing senior
surgeon, should the trainee be performing badly or there be an
unexpected operative complication.5 Other methods of surgical
training which do not put patients directly at risk are becoming
increasingly prominent.
‘‘Dry’’ labs, which are essentially covered boxes within which
surgical tools are manoeuvred, lack authenticity as they involve
isolated or ‘‘replica’’ tissues and organs. They do have a role in the
acquisition of basic laparoscopic skills, in particular instrument
manipulation, spatial awareness and laparoscopic suturing. ‘‘Wet’’
labs using live or freshly sacriﬁced animals are recognised to be
sound training modalities, convincingly replicating a live operative
environment, especially with regard to respiration and blood ﬂow.
They are however currently prohibited in the UK by animal legis-
lation and travel to other countries for such training is both
expensive and time consuming.
Several attempts have been made to provide a means of
assessment for surgical competency. The ideal assessment tool
produces reliable, valid results and is both affordable and prac-
tical.8 Much effort has gone into creating assessment tools that
measure construct validity, such that the assessment results
correlate with the trainee’s actual operative experience, improve
with surgical training and discriminate between surgically naı¨ve
and experienced groups.9 Some of the methods to objectively
assess surgical competency are discussed below.
2.1. Analysis of the ﬁnal product
Surgical outcome and morbidity are generally difﬁcult to
attribute to poor operative technique, due to patient and hospital
differences and because the longer term results may not be
apparent for many years.10 Analysis of the ﬁnal product is a tech-
nique which employs speciﬁc outcome parameters such as leak
rates, cross sectional area of the lumen after vascular anasto-
mosis and the quality of knots performed laparoscopically (as
veriﬁed using a tensiometer), which can be tested on bench
models. The assessment of these skills has demonstrated
a signiﬁcant correlation between their outcome measures and
surgical dexterity.10,11
2.2. The objective structures assessment of technical skills (OSATS)
This system, developed in Toronto, involves trainees rotating
through a number of stations comprising bench models that
include closure of a skin incision, control of inferior vena caval
haemorrhage, hernia repair, laparoscopic cholecystectomy, and
hand-sewn bowel and vascular anastomosis. A qualiﬁed surgeon
assesses each trainee’s performance using a rating scale with seven
elements including tissue handling, economy of movement, and
strategic use of assistants. The method, though a valid assessment
of technical skill, is costly in both manpower and time.12
2.3. Motion analysis systems
2.3.1. The ICSAD: Imperial College Surgical Assessment Device
Developed by Darzi et al. at Imperial College London,13 the
device’s electromagnetic trackers gauge positional data to
produce dexterity measures such as distance travelled, number
and speed of hand movements and task completion time.2Correlation is demonstrable and expert laparoscopic surgeons
demonstrate greater efﬁciency in their movements and superior
accuracy in terms of target localisation thereby indicating
construct validity (Fig. 1).
2.3.2. The ADEPT: Advanced Dundee Endoscopic
Psychomotor Trainer
Developed by Cuschieri et al. at the University of Dundee,14 the
ADEPT computerised motion tracking system is based upon a series
of infrared cameras encircled by infrared light emitting diodes and
sensors placed upon the surgeon’s limbs that allow the software to
record inaccuracies and time elapsed during the tasks.15 ADEPT has
been validated, revealing a substantial correlation between
performance of the system and independent blind assessment of
clinical competence, but has been criticised for providing tasks of
limited difﬁculty.1
2.4. Virtual reality (VR)
As a result of limited availability of wet-lab facilities in the UK,
the development of virtual reality simulators is becoming
increasingly important. Virtual reality allows an individual to
interact with three-dimensional deformable computerised images
in real time and allows one to learn and perform a task under
guidance and train until proﬁcient. Critical stepswithin a procedure
can be repeatedly attempted e.g. dissection around major blood
vessels and the intra-operative management of complications such
as signiﬁcant bleeding can be practiced. However, one of the major
problems with virtual reality is its true ‘reality’. In surgery, tactile
feedback, including tissue deformation, the tension of a surgical
knot, and resistance caused by tissue plasticity, aids the surgeon
during the operation. To recreate this presents an extraordinary
challenge for the specialist computer programmers, both in terms
of the computer generated anatomy, and providing the physical
feedback.15 In laparoscopic surgery, such feedback is limited by the
two-dimensional nature of the image displayed on the monitor,
and by transmission of tactile feedback through the rigid instru-
ments making it more amenable to VR programming.
The published work on virtual reality training is dominated by
the Minimally Invasive Surgical Trainer-Virtual Reality (MIST-VR)
apparatus (Mentice, Go¨teborg, Sweden).16 Among the ﬁrst virtual
reality laparoscopic simulators developed as a task trainer, it
Fig. 3. Virtual reality suturing module. (Simbionix LAP Mentor, Copyright Simbionix.
Reproduced with permission. Permission is granted by Simbionix Ltd.)29
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economy of movement and instrument errors, to provide real-time
feedback about skill-based errors.16 Despite the limited ‘reality’
offered,17,18 MIST-VR demonstrates construct validity, allowing the
objective assessment of basic laparoscopic techniques. Further-
more, in terms of education, it allows the trainee to repeatedly
practice complex movements.19
Unfortunately, virtual reality systems for surgical training are
currently produced by only a few companies for a small number of
procedures. There is no single company providing the entire range
of training or tutorial modules.20 Furthermore, the cost may be
prohibitive (circa. V120,000), limiting potential customers to a few
research institutions usually within teaching hospitals.21 To date,
no studies have critically assessed cost effectiveness of these
systems or the durability of the procedure speciﬁc programmes
(e.g. laparoscopic cholecystectomy). The maintenance costs for
a few hundred surgeons training on such equipment may, in
addition to the initial outlay, be too high in comparison to
conventional dry or wet-lab training (Figs. 2 and 3).
3. Discussion
The assessments above have shown at least some correlation
between increased levels of training and improvements in perfor-
mance, which can be transferred to analogous tasks in animal
models and actual patients.22 Though technical skills assessments
enable the trainee to gain competence in a controlled situation,2
they do not account for anatomical variation or unpredictable
difﬁculties9 although VR has this potential.
Laparoscopic courses for training surgeons have become
extremely popular, and aim to teach basic laparoscopic skills within
a structured curriculum, consisting of lectures and hands-on
simulator practice on box trainers and animal models.23 Smith et al.
used laparoscopic dry labs to show that the learning curve for
operator speed is shorter than that for operator accuracy.24 In this
study the time taken for a non-surgical participant to complete
a simple laparoscopic task is improved by 70% within the ﬁrst three
repetitions of the task. However, it took the same non-surgical
participants ten repetitions to yield a mere 40% improvement in
task accuracy (deﬁned as the ability to comply to a pre-determined
computer generated ideal path) (Figs. 4 and 5).24
A strong relationship between the time and the number of hand
movements required to complete a task suggests that a stopwatch
alone would be effective at measuring surgical skill.25 However,
when controlling for time, a signiﬁcant relationship between handFig. 2. Virtual reality clipping and cutting of the cystic duct and artery. (Simbionix LAP
Mentor, Copyright Simbionix. Reproduced with permission. Permission is granted by
Simbionix Ltd.)29movement and experience develops; but when controlling for
movement, there is no association between time and experience.
This suggests that experience yields greater economy ofmotion and
consequently quicker procedure times. Datta et al.25 objectively
demonstrated a step-wise progression in the ability to perform
artiﬁcial small bowel anastomoses and vein patch insertions, in
basic surgical trainees, junior registrars, and senior registrars,
culminating in the superior performance of consultant surgeons. It
is this surgical experience which has enabled the subjective
apprenticeship model to produce such excellent surgeons. Indeed,
future skills assessments will need to focus on the analysis of
economy of motion.24
Virtual reality meanwhile is slowly becoming an important aid
to the surgical training process. Current home computers (PCs) are
not powerful enough to represent detailed deformable anatomy
and physical interactions:26 more than 65% of virtual reality soft-
ware is PC-based,27 providing a frame-refresh rate (the number of
frames per second that must be generated to give a feeling of
animation) of 30(Hz) which gives satisfactory visual reality.
However generating tactile feedback requires sampling of the
environment at a frequency of 300–1000 Hz, and a consequential
giant leap in the required computing power.28 This does not
necessarily mean that we will be condemned to bulky and expen-
sive simulators. Some simulators already on the market utilise off-
the-shelf personal computers. LAP Mentor (Simbionix Ltd, Lod,
Israel) utilises a Pentium4 2.8 GHz processor,29 the EYESI Cap-
sulorhexis (VRMagic GmbH, Mannheim, Germany) procedure
simulator, a mere Pentium3 1 GHz processor,30 illustrating that,
although restricted in versatility (it is limited to cataract surgery),Fig. 4. The learning curve for time of task completion in non-surgeons. Subjects
improved by 70% in the ﬁrst three repetitions. (Reprinted from The American Journal of
Surgery, Vol 181, Smith CD, Farrell TM, McNatt SS, Metreveli RE, Assessing laparoscopic
manipulative skills, 547–50. Copyright 2001, with permission from Excerpta Medica,
Inc.)24
Fig. 5. The learning curve for accuracy of task completion in non-surgeons. Subjects
improved by 40% over 10 repetitions. (Reprinted from The American Journal of Surgery,
Vol 181, Smith CD, Farrell TM, McNatt SS, Metreveli RE, Assessing laparoscopic manip-
ulative skills, 547–50. Copyright 2001, with permission from Excerpta Medica, Inc.)24
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specialist equipment. At current prices a functional entry-level
workstation capable of bearing detailed VR graphics could be built
for less than £2000 (for example, the Dell Pentium4 3.2 GHz
2048 MB ram). This price would not include additional elements
such as head mounted devices or tactile instruments.314. The future
In the future it may become mandatory to assess those
embarking upon a surgical career using these methods32 by inte-
grating them into the job interview process. Several signiﬁcant
matters must ﬁrst be resolved before technical skills assessments
can be used routinely in clinical practice. There are questions
regarding who would take responsibility for the assessment
process; the time during a surgical career at which assessment
would be implemented; the surgical community’s acceptance of
such assessments, and the ramiﬁcations for those trainees or
surgeons who fail to show adequate competence?1
It has been proposed that simulation and surgical assessment
should be introduced at all training levels: to help select candidates
for training programmes, to assess basic trainees at the Member-
ship of the Royal College of Surgeons examination, higher trainees
as part of the Certiﬁcate of Completion of Surgical Training exam-
ination, and consultants as part of their revalidation. Indeed,
simulators are currently being used to assess poorly performing
surgeons referred to the General Medical Council.95. Conclusion
The acquisition and assessment of surgical proﬁciency are no
longer restricted to the operating theatre. What started as the
appraisal of simple bench models with a stopwatch has evolved
into box trainers with motion analysis systems that accurately
measure dexterity, and been developed further into an increasingly
realistic computer generated theatre environment. The advantages
of these methods are obvious: there is no risk to the patient, and all
demonstrate construct validity – the ability to distinguish surgeons
of varying competence, and are translational, allowing talented
surgeons to develop operative skills more quickly.
The enthusiasm for introducing skills assessment within
a nationally standardised and validated surgical curriculum there-
fore comes as no surprise.33 However, it is important to remember,
and even more so to ensure, that technical skills assessment is seen
merely as a supplement to traditional methods of training, not
a substitute. Surgeons will only attain expert levels of skill in the
operating theatre. Nevertheless, surgical simulation and the steps
taken to develop technical skills assessment are gaining credibility
and there is a burgeoning conﬁdence in their ability to revolu-
tionise surgical education.Conﬂict of interest
None declared.References
1. Grantcharov TP, Bardram L, Funch-Jensen P, Rosenberg J. Assessment of tech-
nical surgical skills. Eur J Surg 2002;168:139–44.
2. Moorthy K, Munz Y, Sarker SK, Darzi A. Objective assessment of technical skills
in surgery. BMJ 2003;327:1032–7.
3. Reznick RK. Teaching and testing technical skills. Am J Surg 1993;165:358–61.
4. Darzi A, Mackay S. Skills assessment of surgeons. Surgery 2002;131:121–4.
5. Khan MS, Bann SD, Darzi A, Butler PEM. Assessing surgical skill. Plast Reconstr
Surg 2003;112:1886–9.
6. Paisley AM, Baldwin PJ, Paterson Brown S. Validity of operative skill. Br J Surg
2001;88:1525–32.
7. Bridgewater B, Grayson AD, Jackson M, Brooks N, Grotte GJ, Keenan DJ, et al.
Surgeon speciﬁc mortality in adult cardiac surgery: comparison between crude
and risk stratiﬁed data. BMJ 2003;327:13–7.
8. Sidhu RS, Grober ED, Musselman LJ, Reznick RK. Assessing competency in
surgery: where to begin? Surgery 2004;135:6–20.
9. Paisley AM, Baldwin PJ, Paterson-Brown S. Validity of surgical simulation for
the assessment of operative skill. Br J Surg 2001;88:1525–32.
10. Szalay D, MacRae H, Regehr G, Reznick R. Using operative outcome to assess
technical skill. Am J Surg 2000;180:234–7.
11. Coleman RL, Muller CY. Effects of a laboratory-based skills curriculum on
laparoscopic proﬁciency: a randomized trial. Am J Obstet Gynecol
2002;186:836–42.
12. Martin JA, Regehr G, Reznick R, MacRae H, Murnaghan J, Hutchison C, et al.
Objective structured assessment of technical skill (OSATS) for surgical resi-
dents. Br J Surg 1997;84:273–8.
13. Tafﬁnder N, Smith S, Mair J, Russell R, Darzi A. Can a computer measure surgical
precision? Reliability, validity and feasibility of the ICSAD. Surg Endosc
1999;13(Suppl. 1):81.
14. Hanna GB, Drew T, Clinch P, Hunter B, Cuschieri A. Computer controlled
endoscopic performance assessment system. Surg Endosc 1998;12:997–1000.
15. Kitagawa M, Dokko D, Okamura AM, Yuh DD. Effect of sensory substitution on
suture-manipulation forces for robotic surgical systems. J Thorac Cardiovasc
Surg 2005;129:151–8.
16. Aucar JA, Groch NR, Troxel SA, Eubanks SW. A review of surgical simulation
with attention to validation methodology. Surg Laparosc Endosc Percutan Tech
2005;15:82–9.
17. Grantcharov TP, Kristiansen VB, Bendix J, Bardram L, Rosenberg J, Funch-
Jensen P. Randomized clinical trial of virtual reality simulation for laparoscopic
skills training. Br J Surg 2004;91:146–50.
18. Seymour NE, Gallagher AG, Roman SA, O’Brien MK, Bansal VK, Andersen DK,
et al. Virtual reality training improves operating room performance: results of
a randomized, double-blinded study. Ann Surg 2002;236:458–63.
19. Grantcharov TP, Bardram L, Funch-Jensen P, Rosenberg J. Learning curves and
impact of previous operative experience on performance on a virtual reality
simulator to test laparoscopic surgical skills. Am J Surg 2003;185:146–9.
20. Schijven M, Jakimowicz J. Virtual reality surgical laparoscopic simulators. Surg
Endosc 2003;17:1943–50.
21. Fried GM, Feldman LS, Vassiliou MC, Fraser SA, Stanbridge D, Ghitulescu G, et al.
Proving the value of simulation in laparoscopic surgery. Ann Surg
2004;240:518–25.
22. Derossis AM, Fried GM, Abrahamowicz M, Sigman HH, Barkun JS, Meakins JL.
Development of a model for training and evaluation of laparoscopic skills. Am J
Surg 1998;175:482–7.
23. Townsend CM, Beauchamp DR, Evers B, Mattox KL, Sabiston DC. Sabiston
textbook of surgery: the biological basis of modern surgical practice. 15th ed. St.
Louis, MO: WB Saunders; 1997. p. 791–809.
24. Smith CD, Farrell TM, McNatt SS, Metreveli RE. Assessing laparoscopic
manipulative skills. Am J Surg 2001;181:547–50.
25. Datta V, Mackay S, Mandalia M, Darzi A. The use of electromagnetic motion
tracking analysis to objectively measure open surgical skill in the laboratory-
based model. J Am Coll Surg 2001;193:479–85.
26. Liu A, Tendick F, Cleary K, Kaufmann C. A survey of surgical simulation:
applications, technology and education. Presence 2003;12:599–614.
27. Riva G. Applications of virtual environments in medicine. Methods Inf Med
2003;42:524–34.
28. Szekely G, Baika M, Brechbuhler C, Dual J, Enzler R, Haller U, et al. Virtual reality
based surgery simulation for endoscopic gynaecology. Stud Health Technol
Inform 1999;62:351–7.
29. Available from: http://www.simbionix.com.
30. Webster R, Sassani J, Shenk R, Good N. A haptic surgical simulator for the
continuous curvilinear Capsulorhexis procedure during cataract surgery. Stud
Health Technol Inform 2004;98:404–6.
31. Liu A, Kaufmann C, Tanaka D. An architecture for simulating needle-based
surgical procedures. MICCAI 2001:1137–44.
32. Subramonian K, DeSylva S, Bishai P, Thompson P, Muir G. Acquiring surgical
skills: a comparative study of open versus laparoscopic surgery. Eur Urol
2004;45:346–51.
33. Aggarwal R, Moorthy K, Darzi A. Laparoscopic skills training and assessment. Br
J Surg 2004;91:1549–58.
